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IMIDA20tl,2-AJ PYRIDINE DERIVATIVES FOR THE 
.TREATMENT OF SILENT GASTRO-ESOPIiAGEAL REFLUX 

Field of the Inventiop 

The present invention relates to a new method of treatment of sleep disturbance due to 
silent gastro-esophageal reflux. 3h particular, the present invention relates to the use of 
certain imidazo[1.2-a]pyridines derivatives in said treatmaat. 

Background and Dft^a Ued Disclosure of the TnveptiQn 

It is well established that recurrent symptomatic reflux episodes negatively influences 
sleep quality. Patients that have both upright and supine reflux (day and night time) have 
more extensive esophageal mucosal damage than the upright (daytime) refluxers. Reduced 
saliva production, decreased number of swaUows and delayed esophageal clearance time 
during sleep contribute to the more extensive esophageal mucosal damage. Sleep is 
affected in about 50-60% of patients with gastroesophageal reflux disease (GERJD). These 
patients may be functionally impaired during the day as a consequence of their 
symptoms/sleep disturbances. 



It is known that infusion of acid even in non-GERD subjects causes axousals (Oir et al. 
Gastroenterology. 86. 814-819, 1984.) Patients could thus present to the physician with 
sleep distorbances but without symptoms of GBRD. About 5% of the US population have 
sleep disturbances and it is estimated that 50% of these may have underlying add reflux • 
that is disrupting their sleep. The sleep problems may erroneously lead to prescription of 
hypnotics. Since hypnotics suppress arousals a hypnotic could actuaUy increase acid 
contact time since it has been shown that Oie acid clearance is progressively and 
extensively prolonged during deeper sleep levels (Oir. 1984). This may ultimately increase 
the risk of developing esophagitis (Johnson, DeMeester, American Journal of Digestive 
Diseases, 23(6), 498-509, 1978), ulceration of tiie esophagus, Barrett's esophagus and 
similar conditions. 
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The target patient population also includes those who have fragmented sleep with fiequent 
arousals. Sleep causes partial amnesia, which implies that even if patients cannot recall 
having had a reflux episode, the reflux q)isode may still be the reason for 
disrupting/fragmenting the sleep. 

A similar mechanism is seen in patients with reflux laryngitis or acid asthma among which, 
less than 50% actually experience heartburn. 

The side effects with hypnotics are weU established (i.e., addiction, decreased quality of 
life and productivity) and other treatments to address sleep distuibance are needed. 

The present invention relates to sleep disturbance due to silent gastro-esophageal reflux , 
and this should be clearly differentiated from the nocturnal GERD/heartbum related sleep 
disturbance, since these patients are ^eluded. 

The present invention thus relates to the treatment of patients with sleep disturbance due to 
silent gastro-esophageal reflux by administering a therapeutically effective amount of 
certain imidazo[ 1 ,2-a]pyridines derivatives. 

In order words the present mvention relates to the treatment of sleep distuibance due to 
silent gastro-esophageal reflux, i.e. the patient does not experience heartburn symptoms or 
other typical or traditional reflux symptoms. e.g. regurgitation. The patient may awak^, or 
get a change in sleep level (arousals) in response to the reflux event. 

We have surprisingly found that reflux of acidic contents into the esophagus causes 
arousals/awakening even if the reflux episode is not associated with heartburn, 
regurgitation or acid taste. This results in sleep disturbance with reduced sleep quality with 
reduced quality of life and productivity. 
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Consequently the present invention offers a unique feature by i) improving sleep ii) reduce 
the risk of developing esophagitis iii) prevent development of Barretts' esophagus / adeno 
carcinoma, and iv) ultimately reduce the use of hypnotics in this group of patients. 

The present invention is the first to disclose the relation between endogenous acid 
secretion and sleep disturbance and / or arousels and to link in time link the arousels to the 
EEG, EOG, EMG, and/or EKG of the patient. 

Hie active in2redient 

A number of novel pharmaceutical agents are currently undergoing clinical evaluation for 
the treatment of gastro-oesophageal reflux disease* These include transient lower 
oesophageal sphincter relaxation-reducing agents, serotonergic agents/prokinetics, 
potassiumKrompetitive acid blockers, mucosal protectants, histamine H3 agonists and anti- 
gastrin agents (N Vakil, Alimentary Phannacology & Therapeutics Volume 19 Issue 10 
Page 1041 - May 2004). Surprisingly, it has now been found that potassium-competitive 
acid blockers (P-CAB), whose original field of use is the treatment of gastric and intestinal 
disorders, are particularly suitable for the treatment of sleep disturbance due to silent 
gastro-esophageal reflux. 

The present invention thus relates in a first aspect to the use potassium-competitive acid 
blockers in tibte treatment of sleep disturbance due to silent gastro-esophageal reflux. 

P-CABs are designated as those substances which inhibit the enzyme responsible for 
gastric acid searetion. The term "P-CAB or P-CABs" according to the present invention 
comprises not only the active compounds as such, but also their pharmacologically 
acceptable salts and solvates (in particular hydrates) etc. P-CABs are disclosed and 
claimed e.g. in the following patent applications; WO 9837080, WO 9928322, WO 
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9955706, WO 9955705. WO 0010999, WO 001 1000, WO 02060440, WO 02060441. WO 
02060442, WO 03018582 (all AstraZeneca). 

One aspect of the piesmt invention is Aus to. administe- to a subject suffering ftom sleep 
distuibance due to sil«it gastro-esophageal reflux a then^>euticaUy effective amount of 
certain certain imidazo[l,2-a3pyridines derivative. Examples of such imidazo[1.2- 
a]pyridines derivatives are those of Fonoula I 




or a pharmaceutically acceptable salt thereof, wherein 

R^is 

(a) H. 

(b) CH3. or 

(c) CH2OH; 

2 

R is 

(a) CH3 

(b) CH2CH3 

R^is 

(a)H 
. (b) Ci-Cg alkyl, 

(c) hydroxylated Ci-Cg alkyl 

(d) halogen 



wo 2005/041961 



PCT/SE2004/001 589 



5 



R^is . 

(a) H, 

(b) Ci-Cg alkyl, 

(c) hydroxylated Ci-Ce ailQ'l, or 

(d) halogen; 

(a) H,or 

(b) halogen; 

^6 ^7 

R ,R aie the same or different 

(a) H, 

(b) Ci-C6 alkyl; 

(c) hydroxylated Ci-Cg alkyl 

(d) Ci-C^ alkoxy-substituted Ci-Cg alkyl 

Xis 

(a) NH, or 

(b) 0. 

A further embodiment of the present invention is thus to administer to a subject suffering 
from sleep disturbance due to silent gastro-esophageal reflux a theiapeuticaUy effective 
amount of certain certain imidazo[l,2-aJpyridines derivatives of Formula I wherein Rl is 
CH3 or CH2OH; R2 R3 and R* independently are CH3 or CH2CH3; R5 is H, Br, Q. or F ' 
and R , R are the same or different and chos«j from a group consisting of H, Ci-Cg alkyl, 
and hydroxylated Ci-Cg alkyl. . 

Another embodiment of the present is thus to administer to a subject suffering from sleep 
disturbance due to silent gastro-esophageal reflux a therapeutically effective amount of any 
of the following compounds 8-(2-ethyl-6-methylbenzylamino>3-hydroxymethyl-2- 
methylimidazo[l,2-a]pyridine-6-carfooxamide, 

2.3-dimethyl-8K2,6Kiimethylb6n2ylaiaino)-N-hydroxyethyl-imidazo[l,2-a]pyridin^^ 
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carboxamide, 

23-dimethyl-8K2-^thyl-6-methylbenzylaminoHmidaz 
caiboxamide, 

8-(2-ethyl-6-methylbenzylamino)-N,23-trimethyl^ 
carboxamide, 

2,3-dimethyl-8-(2,6-dimethylben2ylamino>iinida2o[l^ 

23Hiimethyl-8K2-ethyl-4-fluor<>-6-methylben^ 
caiboxamide, 

23-<fimethyI-8-(2,6-dimethyl-4-fluoro-benzyl 
carboxamide, 

23-dimethyl-8-(2,6-diethylbenzylaimno)-iinidazo 
23 <iimethyl-^-<2-^yl-6-methylbenzylanim 1 
a]p3^dine-6-carboxaimde, 

2,3 dimeAyl-8K2-^thyl-6-methylbenzylaiDino)-^ 
a]pyridine-6-caiboxainide» 
or 

a pharmaceutically acceptable salt th^eof. 

In one embodimeut of the present invention the therapeutically acceptable salt of a 
compound of Fonnula I is the form of a hydrochloride salt 

In another embodiment of the present invration die thereqpeatically'acceptable salt of a 
compound of Fomiula I is in the fom of a mesylate^ salt. 

■ * 

The invention relates in a further aspect to the use of P-CABs for the treatment of patients . 
who are suffering from sleep distuxbance due to silent gastro-esophageal reflux. 

The invention further relates to a method for the treatment of sleep disturbance due to 
silent gastro-esophageal reflux which consists in administering to a patient who needs such 
a treatment an effective amount of a P-CAB. 
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The invention further relates to the use of P-CABs for the production of medicaments for 
the treatment of sleep disturbance due to silent gastro-esophageal leflux. 

The invention further relates to a pharmaceutical preparation for the treatment of sleep 
disturbance due to silent gastroesophageal reflux which contains a P-CAB as active 
compound. 

In one embodiment of the present invention the pharmaceutical preparation is intended to 
give a inmiediate release profile. 

In one embodiment of the present invention the pharmaceutical preparation is intended to 
give a modified release profile. 

■ 

The invention further relates to a ready-to-use medicament, comprising a P-CABs as active 
compound, which contains a reference to the fact that this ready-to-use medicament can be 
employed for the treatment of sleep disturbance due to silent gastro-esophageal reflux. 

Further, it has been found that the reversible proton pump inhibitors that sometimes are 
referred to as Acid Pump AnUgonists (APA), whose original field of use also is the 
treatment of gastric and intestinal disorders, are suitable for the treatment of sleep 
disturbance due to silent gastro-esophageal reflux. A further aspect of the present invention 
is thus the use of reversible proton pump inhibitors in the treatment of sleep disturbance 
due to silent gastro-esophageal reflux. Reversible proton pump inhibitors are designated as 
those substances which inhibit gastric acid secretion by blockade of the proton pump, but 
which, m contrast to the PPls, do not bind covalently to the H'/K+-ATPase. the enzyme 
responsible for gastric acid secretion. The term "reversible proton pump inhibitor*' 
according to the present invention comprises not only the active compounds as such, but 
also their pharmacologically acceptable salts and solvates (in particular hydrates) etc. 
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Reversible proton pump inhibitors are described and claimed, for example, in the following 
patent appUcations and patents: BP 330W, BP 204285, BP 228006, EP 233760, EP 
259174, EP 266890. EP 270091. EP 307078, EP 308917, EP 330485, US 4728658. US 
5362743, WO 9212969, WO 9414795. WO 9418199. WO 9510518, WO 9603405. WO 
9605177. WO 9703074, WO 9703076. WO 9642707, WO 9843968, WO 9854188. WO 
9909029. WO 9950237. WO 9951584. WO 0001696, WO 0017200. WO 0026217, WO 
0029403, WO 0063211. WO 0077003. WO 0158901, WO 0172754, WO 0172755, WO 
0172756, WO 0172757, and WO 02034749. 

Examples of reversible proton pump inhibitors which can be mentioned on the basis of 
their (proposed) INNs or their code name are the coiiq»ounds: AG-2000 (EP 233760), AU- 
461 (WO 9909029). BYl 12 (WO 9842707), Soraprazan (BY359) (WO 0017200), CP- 
1 1341 1 (US 5362743). DBM^19 (WO0001696). KR-60436 (WO 9909029). Pumaprazole 
(WO 9418199). SKF-96067 (EP 259174), SKF-96356 (EP 307078). SKF-97574 (EP 
330485), T-330 (EP 270091). T-776 (EP 270091). WY-27198 (US 4728658), YH-1885 
(WO 9605177), YJA-20379-8 (WO 9703074). and YM-19020 (EP 266890). 

Of these, the compounds AU-461. Soraprazan (BY359). DBM-819, KR-60436. T-330. 
YH-1885. and YJA-20379-8 are particularly worthy of mention. 

A particularly interesting group of reversible proton pump inhibitors is described and 
claimed in intema-tional patent applications WO 9842707. WO 9854188, WO 0017200, • 
WO 0026217. WO 0063211. WO 0172754. WO 0172755, WO 0172756. WO 0172757 
and WO 02034749. 



The invention relates in a further aspect to the use of reversible proton pump inhibitors for 
the treatment of patients who are suffering fiom sleep disturbance due to silent gastro- 
esophageal reflux. 
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The invention further relates to a method for the treatment of sleep disturbance due to 
silent gastro-esophageal reflux which consists in adnsinisteiing to a patient who needs such 
a treatment an effective amount of a reversible proton pump inhibitor. 

The invention further relates to the use of reversible proton pump inhibitors for the 
production of medicaments for the treatment of sleep disturbance due to silent gastro- 
esophageal reflux. 

The invention further relates to a pharmaceutical preparation for the treatment of sleep 
disturbance due to sUent gastro-esophageal reflux which contains a reversible proton pump 
inhibitor as active compound. 



In one embodiment of the present invention the pharmaceutical preparation is intended to 
give a inunediate release profile. 

In one embodiment of the present invention the pharmaceutical preparation is intended to 
give a modified release profile. 

The invention further relates to a ready-to-use medicament, comprising a reversible proton 
pump in-hibitor as active compound, which contains a reference to Uie fact that this ready- 
to-ose medicament can be employed for the treatment of sleep disturbance due to silent 
gastro-esophageal reflux. 

Another aspect of the present is thus to administer to a subject suffering from sleep 
disturbance due to silent gastiw-esophageal reflux a theriq)eutically effective amount of 
soraprazan. 
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The dosase form or forms, methods for nreparini^ the pharmaceutical fprmulation and 
methods of administerine the active infiredient and/or pharmaceutical formulation. 
including dosage ^els and frequency. 

IMMEDIATE-RELEASE FORMULATIONS 

According to a one mbodiment of the invention, there is provided an immediate-release 
pharmaceutica] formulation comprising: 

(a) an active ingredient (chosen from any of die compounds listed above), or a 
phaiznaceutically-acceptable salt of any of these compounds; and 

(b) a phannaceutically-acceptable diluent or carder, 

which formulations are referred to hereinafter as "the immediate-release formulations of 
the invention'*. 

The term '"immediate release^' pharmaceutical fommlation wiU be well understood by the 
skilled person to include any formulation in which the onset and/or rate of release, and/or 
absorption, of drug, is neither appreciably, nor intentioiially, retarded by galenic 
manipulations. In the present case, inunediate release may be provided for by way of an 
approptiale pharmaceutically-acceptable diluent or carrier, which diluent or earner does 
not prolong, to an appreciable extent, the onset and/or rate of drug lelease/absoxption. 
Thus, the term will be understood by tiiose skilled in the art to exclude fommlations which 
are adapted to provide for •^modified" or **controlied*' release, including a "sustained", 
^'prolonged", "extended" or "delayed" release of drug. 

In this context, the term "release" may be understood to include provision (or presientation) 
of drug from the formuIati<XQ to the gastrointestinal tract, to body tissues and/or into 
systendc circulation. 

Thus, immediatBrrelease formulations of the invention may release at least 70% (e.g. 80%) 

* 

of active ingredient within 4 hours, such as within 3 hours, preferably 2 hours, more 
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preferably within 1.5 hours, and especiaUy within an hour (such as within 30 minutes), of 
administration, whether this be oral or parenteral. 

The immediate-release formulations of the invention may be formulated in accordance 
with a variety of techniques known to those skilled in the art, for example as described by 
M. E. Aulton m 'Tharmaceutics: The Science of Dosage Fbrm Design" (1988) (Churchill 
Livingstone), the relevant disclosures in which document are hereby incorporated by 
reference. 



Immediate-release formulations of the invention may be, or may be adapted in accordance 
with standard techniques to be, suitable for peroral administration, for example in the fonn 
of immediate release tablets or c^sules, or as liquid dosage forms, comprising active 
ingredient, both of which formulation types are well known to the skilled person and may 
be prepared in accordance with techniques knovra in the ait. 

Immediate-release formulations of the invention iii the form of for example immediate 
release tablets may further conqjrise one or more additional excipients known to those 
skilled in the art for use in such inmiediate-release formulations, to improve the physical 
and/or chemical properties of the final composition, and/or to facilitate the process of 
manufacture. Combinations of excipients may be eiiq>loyed. 

Alternatively, immediate-release formulations of the invention may be, or may preferably- 
be adapted in accordance with standard techniques to be, suitable for parenteral 
administration. The term •"parenteral" will be understood by those skilled in the art to 
include any mode of administration that does not comprise peroral administration to the 
gastrointestmal tract The term may thus be understood to include administration 
subcutaneously, intravenously, intraaiterially, transdennaUy, intxanasaUy, intrabuccally, 
intracutaneously, intramuscularly, intraUpomateously. intr^ritoneally, lectally, 
sublingually, topically, by inhalation, or by any other parenteral route. 
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Sxiitable immediate-ielease fonnuladons of the invration that aie to be administeied 
parenterally include tfiose in which an acd ve ingredient (chosen from any of the 
compounds listed above), or pharaiaceutically-acceptable salts thereof, are presented 
together with an aqueous carrier, such as water, 

« 

iouiiediate-xelease formulations of the invention comprising aqueous carriers may further 
comprise one or more additional excipients known to those skilled in the art for use in 
aqueous parenteral immediate-release formulations, such as antimicrobial preservatives; 
tonicity modifiers (such as sodium chloride, mannitol, glucose and the like); pH adjusting 
agents (such as conmion inorganic acids and bases, including hydrochloric add, sodium 
hydroxide and the like); pH controlling agents (i.e. buffers, such as tartaric acid, acetic 
acid, dtric acid and the like); surfactants (e.g. SolutolTM); cosolvents, which may serve to 
further solubUise active ingredient (such as ethanol, polyethylene glycols, hydroxypiopyl- 
b-cyclodextrin and the like); and/or antioxidants. 

The amount of further excipients that may be employed in the peroral and parenteral 
immediate-release formulations of the invmtion depends upon many factors, includiug the 
nature and amount of active ingredient that is included, and the amount of diluent/carrier 
(aqueous solvent or otherwise) that is included, but may be in Une with those amounts that 
are typically employed in immediate release pharmaceutical formulations that are known 
in the art, and/or may be determined routinely by the sldlled pmon. 

Immediate-release formulations of the invention that may be, for exanq)le, suitable for 
parenteral administration, may be provided in the form of suspensions of active ingredient 
in association vdth an aqueous solvent or, more preferably, and especially when the 
formulation is to be administered parenterally (particularly intravenously), aqueous 
solutions (i.e, solutions of active compound including water as a solvent). In this context, 
the term "aqueous solution" may be understood to include immediate-release formulations 
in which at least 99% of active ingredient is in solution at above and atmospheric 
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pressure, and the term "suspension" should be construed acconlingly (i.e. more than 1% of 
active ingredient is not in solution under such conditions). 

Thus, phannaceutically-acceptable salts of the active ingredient which may be particularly 
mentioned include those of inorganic and organic acids, which adds may form water- 
soluble salts when added to an active ingredient (chosen from any of the compounds listed 
above),. It will be appreciated by the skiUed person that water solubiUty of salts that may 
be formed between acids and an active ingredient (chosen from any of the compounds 
listed above), may depend upon the physical and chemical properties of the acid, including 
inter alia the water solubility (of the acid itself), lipophUicity of the counter-ion and the 
acid's dissociation constant 



Immediate-release formulations of the invention that are in the form of immediate release 
tablets may be prepared by bringing active ingredient into association with diluent/carrier 
using standard techniques, and using standard equipment, known to the skilled person, 
including wet or dry granulation, direct compression/compaction, drying, miUing, mixing, 
tabletting and coating, as well as combinations of tiiese processes, for example as 
described hereinafter. 



For parenteral immediate-release formulations of the invention, it is preferred tiiat the 
immediate-release formulations of the invention comprising active ingredient in the form 
of free base are prepared by adding free base to an ^propriate diluent/cairier (e.g. solvent 
system comprising water). It is preferred tiiat such inmiediatfr-release formulations of the 
invention comprising active ingredient in tiie form of an acid addition salt are prepared by 
addition of acid (eitiier directiy or in association witii a diluent/carrier, such as in tiie form 
of a solution (such as an aqueous solution) of appropriate acid) to base, which base may, 
for example be provided in association witii a diluent/carrier, such as in the form of a 
solution (such as an aqueous solution), foUowedby addition of ftoher 
dUuent/canier/solvent, if and as appropriate. 
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The skilled p«son will appreciate fliat appropiiate additional excipients may be added at a 
suitable stage in the preparation of the fonnulation of flie invention (i.e. before, during or 
after the process of bringing active ingredieat into association with dfluent/canlCT). Fbr 
example, for parenteral immediate-release formulations of the invention in the form of 
aqueous solutions, the pH of the mixture of an active ingredirait or salt thereof and 
diluent/carrier may be controlled by addition of an appropriate buffer and/or adjusted by 
way of a pH adjusting agent, for example as described heremafter. 

Lnmediate-release formulations of the invention (particularly those suitable for eventtial 
parenteral administration) in the form of a suspension, or particularly a solution, such as an 
aqueous solution, may be provided in "ready-to-use" form, by which we include in a form 
that is suitable for administration directiy to a patient, with the aid of a suitable dosing 
means, without further preparative or f ormulative woik being necessary. 

However, such immediate-release formulations Q.e. those in the form of a suspension or 
solution, particularly an aqueous solution) may also be provided in the form of a 
"concentrate" of active ingredient and diluent/carrier. Immediate-release fonnulations in 
this form, hereinafter referred to as "concentrated immediate-release formulations of the 
invention" or "concentrates", may thus be employed in the preparation of a conesponding 
formulation of the inv^tion suitable for e.g. parenteral administration by addition of 
furth^ diluent/carrier (and, if ^ropriate, fartiier excipients), prior to administration to a 
patient For example, aqueous concentrates, particularly for use in parenteral immediate- • 
release fonnulations, may be prepared ready for reconstitution and/or dilution (e.g. by 
addition of water, physiological saline, glucose solution or any other suitable solution) 
prior to administration. 

Concentrated immediate-release formulations of the invention may be prepared direcfly by 
bringing diluent or carrier (and, if appropriate, additional excipients) hito association with 
the active ingredient as described hereinbefore. Cloncentrates may also be prepared by 
preparation of a fonnulation of the invention in the form of e.g. an aqueous solution, as 
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hereinbefore described, which may include additional excipients, foDowed by removal of 
pharmaceutically-acceptable dUuent or carrier (e.g. solvent, such as aqueous solvent). 
Solvents may be removed by way of a variety of techniques known to those skilled in the 
ait, for example evaporation (und«r reduced pressure or otherwise). Thus, immediate- 
release formulations of the invention (e.g. parenteral formulations) in ready-to-use foim 
may also be provided by addition of diluent or carrier (and, if appropriate, furtiier 
excipients) to a concentrated formulation of die invention. 

The amount of diluent/carrier m an oral (e.g. immediate release tablet) formulation of the 
mvention d^nds upon many factors, such as the nature and amount of die active 
ingredient fliat is enq>loyed and the nature, and amounts, of any otiier constituents (e.g. 
further excipients) tiiat are present in the formulation, but is typically up to 40% (w/w), 
preferably up to 30%, more preferably up to 20%. and particularly up to 10% (w/w) of the 
final composition. The amount of additional excipients in such an oral formulation of die 
invention also depends upon factors, such as die naUire and amount of the active ingredient 
fliat is employed, as weU as the nature, and amounts, of any odier constittients (e.g. 
dUuents/cairiers and/or odier further excipients) that are present in die formulation, but, for 
lubricants and glidants is typically up to 5% (w/w), and for binders and disintegrants is 
typically up to 10% (w/w) of the final composition. 

The amount of dUuent^cairier m a "ready-to-use" parenteral formulation of the invention as 
defined above depends upon many factors, such as the namre and amount of the active • 
ingredient diat is employed and die nature, and amounts, of any otiier constituents (e.g. 
furtiier excipients) that are present in tiie formulation, but is typically at least -50% (w/w) of 
die final composition. In concentrated immediate-release formulations of tiie invention, 
die amount of diluent/cairier is typicaUy at least 10% (w/w) of the concentrate. Gt is to be 
noted, however, tiiat altiiough diese lower limits for diluent/carrier content ate typical, they 
may not always be applicable, for example in cases where die solubility of active 
ingredient in the relevant diluent/carrier is particularly high.) 
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Compositions including active ingredient may also be provided iii solid form suitable for 
use in the preparation of a immediate-release formulation of the invaition (e.g. a solution, 
such as an aqueous solution, for example for parenteral adminstration) ex tempore; 

Such compositions may be in the form of a solid conq)rising active ingredient, optionally 
in the presence of one or more ftmher excipients as hereinbefore defined and, optionally, 
up to 10% (w/w) of diluent and/or carrier as hereinbefore defined, which con^sitions are 
hereinafter referred to as "the solid con:q>ositions of the invention". 

Solid compositions of the inv«ition may be made by removal of diluMit/carrier (e.g. 
solvent) from a immediate-release formulation of the invention, or a concentrated f 
unmediate-release ormulation of the invention, which may for example be in the form of a 
solution, such as an aqueous solution. 



There is thus provided a process for the formation of a solid connjwsition suitable for use m 
the preparation of a inunediate-rdease formulation of die invention (e.g. a solution, such as 
an aqueous solution) ex tenqpore, which process comprises removal of diluent/canier (e.g. 
solvent) firom a immediate-release formolation of the invention, or a concentrated 
iinmediate-release formulation of the invention. 



Solvent may be removed by way of a variety of techniques known to those skilled in the 
art, for example ev^oration (under reduced pressure or otherwise), freeze-diying, or any « 
solvent removal (drying) process that removes solvent (such as water) while maintaining 
theintegrity of the active-ingredient Freeze-drying is preferred. 

Thus aecording to a further aspect of the invention there is provided a fieeze-dried 
(lyophilised) solid composition of the invention. 



In the preparation of solid compositions of the invention, the skilled person will appreciate 
that ^propriate additional excipients may be added at a suitable stage prior to removal of 
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dUuent/camer. For example, in the case of aqueous solutions. pH may be controlled 
and/or adjusted as hereinbefore described. Furthermore, an appropriate additional 
excipient may be added with a view to aiding the foimalion of a solid composition of the 
invention during the process of diluent/carrier removal. 

Solid compositions of an active ingredient, or salts thereof, thus include those in which the 
solvent (e.g. water) content, other than solvents of crystallisation is no more than 10%, 
such as less than 2% lubound solvent, such as water. 

Immediate-release formulations of the invention may be sterilised, for example by sterile 
filtration or autoclavation. and/or filled into primaiy packages, such as vials, cartridges and 
pre-mied syringes. Such processing steps may also take place prior to drying to form a 
solid composition of the invention. 



Before administration, the dried solid composition may be reconstituted and/or diluted in. 
for instance, water, physiological saline, glucose solution or any other suitable solution. 

Typical daUy doses of the active ingredient, or pharmaceutically-acceptable salts thereof, 
are in the range 5 to 1000 nag, irrespective of the number of individual doses that are 
administered during die course of that day. Prefeired daily doses are in the range 10 to 100 
mg and more preferred daily doses are in the range of 20 to 80 raig, e.g. 50 mg. 

MODIFIED REIBASE 

According to the mvention there is provided a modified release pharmaceutical . 
fonnulation comprising, an active ingredient, or a pharmaceutically-acceptable salt of an 
active ingredient, which formulations are referred to hereinafter as "the modified release 
formulations of the invention". 
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The tenn "modified release" phannaceutical formulation wiU be well understood by the 
skilled person to include any modified release formulation in which the onset and/or rate of 
release of drag is altered by galenic manipulations, and thus includes the definition 
provided in the United States Pharmacopeia (USP XXD) at pages xliii and xliv of the 
preface/preamble part, the relevant disclosure in which document is hereby mcorporated by 
referrace. 



In the present case, modified release may be provided for by way of an appropriate 
phannaceuticaUy-acceptable carrier, and/or other means, which carrier or means (as 
appropriate) gives rise to an alteration of the onset and/or rate of release of active 
ingredient Thus, the tenn will be understood by those skifled in the art to include 
modified release formulations which are adapted (for example as described herein) to 
provide for a "sustained", a "prolonged" or an "extended" release of drug (in which drag is 
released at a sufficiently retarded rate to produce a ther^utic response over a required 
period of time, optionally including provision for an initial amount of drag being made 
available within a predetermined time following admmistration to cause an initial desired 
ther^)eutic response); modified release formulations which provide for a "delayed" release 
of drag On which the release of drag is delayed until a specific region of the 
gastrointestinal tract is reached, f oUowing which drag release may be either pulsatile or 
fiirther modified as indicated above); as weU as so-called "repeat action" formulations (in 
which one dose of drag is released either immediately or some time after administration 
and further doses are rdeased at a later time). 

We prefer that the modified release formulations of the invention provide for a delayed 
release or. more preferably, a sustained Ci.e. prolonged or extended) release of drag over a 
period of time. More preferred modified release formulations of the invention may be 
adapted (for example as described herein) to provide a sufHdent dose of drag over the 
dosing mterval (irrespective of the number of doses per unit time) to produce a desired 
therapeutic effect Release may be uniform and/or constant over an extended period of 
time, or ottierwise. 
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Modified release formulations of the invention may, for example, be in the forai of the 
following, all of which are well known to those skilled in the art: 

(a) Ctoated pellets, tablets or capsules, which may be designed to release at least some of 
the drag when the modified release formulation in question reaches a particular region of 
the gastrointestinal tract Such tablets may, for example be provided with some form of 
gastro-resistant coating, such as an enteric coating layer, providing for release of at least 
part of the drug present in the modified release formulation in a specifip part of the 
gastrointestinal tract, such as the intestinal regions. 

(b) Multiple unit or multipaiticulate systems, which may be in the form of microparticles, 
microspheres or pellets comprising drug (which multiple units/multiparticulates may 
provide for gradual emptying of the modified release fomiulation contaming drug from the 
stomach into the duodenum and further through the small and large intestine while 
releasing drug at a pre-detemiined rate), 

(c) Modified release formulations comprising dispersions or solid solutions of active 
compound in a matrix, which may be in the form of a wax, gum or fat, or, particularly, in 
the form of a polymer, in which drug release takes place by way of gradual surface erosion 
of the tablet and/or diffusion. 

» 

(d) Systems which comprise a bioadhesive lay«:, which layer may provide for prolonged 
retention of modified release formulation of the invention in a particular region of the 
gastrointestinal tract (e.g. the stomach). This includes floating or sinking systems (i.e. low 
and high density systems, respectively), as well as so-called "volume-enlarging" systems. 

(e) So-called "pendenf * devices, in which drug is attached to an ion exchange resin, which 
provides for gradual release of drug by way of influwice of other ions present in the 
gastrointestinal tract, for example, the acid environment of the stomach. 
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(f) Devices in which release rale of drug is controlled by way of its chemical potential 
(e.g. the Osmotic Pump), 

(g) Systems in which drug is released by diffusion through membranes^ including 
multilayer systems. 

(h) Devices that act in accordance with an external signal, to release a small amount of 
drag* 

(i) Active, self-programmed systems, which may contain a sensing element, which 
element responds to a particular biological oiviroimient to modulate drug delivery. 

Q) Silastic controlled release depots, which release drug as a ftmction of diffusion of 
water and/or gastrointestinal fluids into the device via an entry/exit port, resulting in 
dissolution and subsequent release of drug. 

(k) Combinations of two or more of the above principles. 

The above prindples are discussed at length in numerous prior art references including 
Phannaceutisch Weekblad Scientific Edition, 6, 57 (1984); Medical Applications of 
Controlled Release, Vol n, eds. Langer and Wise (1984) Bocaxaton, Honda, at pages 1 to 
34; Industrial Aspects of Pharmaceuticals, ed. Sandel, Swedish Pharmaceutical Press 
(1993) at pages 93 to 104; and pages 191 to 21 1 of "Phannaceutics: The Science of Etosage 
Form Design", ed. M. E. Aulton (1988) (ChurchiU livingstone); as well as the references 
cited in the above-mentioned documents, the disclosures in all of which documents are 
h«eby incorporated by reference. 
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Suitable modified release foxmulatioiis may thus be prepared by the skilled person in 
accordance with standard techniques in pharmacy, as described herein or in the above- 
mentioned documents^ and/or which are well known. 

One object of the present invention is a modified release form\ilations of the invention 
wherein the active ingredient is embedded in a polymer matrix. 

In this respect, we prefer that the modified release formulations of the invention are 
provided for oral administration in the form of a so-called "swelUng*' mpdified-release 
system, or a •^gelling matrix" modified-release system, in which active ingredient is 
provided together with a polymer that swells in an aqueous medium (i.e. a "hydrophilic 
gelling component"). The temi "aqueous medium" is to be understood in this context to 
include water, and liquids which are, or which approximate to, those present in the 
gastrointestinal tract of a mammal. Such polymer systems typically comprise hydrophilic 
macromolecular structures, which in a dry form may be in a glassy, or at least partially 
crystalline, state, and which swell when contacted with aqueous media. Modified release 
of drag is thus effected by one or more of the following processes: transport of solvent into 
the polymer matrix, swelling of the polymer, diffusion of dmg through the swollen 
polymer and/or erosion of the polymer, one or more of which may serve to release drug 
slowly from the polymer matrix into an aqueous medium. 

Thus, suitable polymeric materials (i.e. carriers), \iviiich may be used as the hydrophilic • 
gelling component of a gelling matrix modified-release formulation include those wifli a 
molecular weight of above 5000 g/mol, and which either: 

(a) are at least sparingly soluble in; or 

(b) swell when placed in contact with, 

aqueous media (as defined hereinbefore), so enabling release of drug firom the carrier. 

the choice of polymer will be detemiined by the nature of the active ingredient/drug that is 
employed in the modified release formulation of the invention as well as the desired rate of 
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release. In pardcular, it wiU be appreciated by the skilled person. In this respect, and as 
staled above, it may be desirable to provide modified release formulations of the invention 
in the form of gelling matrix systems in which the polymer carrier is provided by way of a 
blend of two or more polymers of, for example, different molecular weights in order to 
produce a particular required or desired release profile. 

When in the form of gelling matrix systems, we have also found that rate of release of dmg 
fix)m modified release formulations of the invention may be further controlled by way of 
controlling the dragipolymer ratio within, and the surface area:volume ratio of, individual 
modified release formulations (e.g. tablets) comprising drag and polymer carrier system. 

Modified release formulations of the invention, whether in the form of a gelling matrix 
system or otherwise, may contain one or more further excipients (in addition to the 
polymer carrier system) to further modify drug release, to improve the physical and/or 
chemical properties of the final composition, and/or to facilitate the process of 
manufacture. Such excipients are convrational in the formulation of modified release 
compositions. 

Modified release formulations of the invention may contain one or more lubricants. 
Modified release formulations of the invention may contain a gUdant 

Other further excipients may include colourants, flavourings, tonicity-modifying agents, 
coating agents, preservatives, etc. 

Combinations of the above-stated further excipients naay be employed. 

It will be appreciated by the skilled person that some of the above mentioned further 
excipients, which may be present in the final composition of the invention, may have more 
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than one of the above-stated functions. Moreover, further excipients mentioned above may 
also function as part of a hydrqphiUc gelling component in a gelling matrix system. 

The total amount of further excipients (not including, in the case of gelling matrix systems, 
the principal polymer carrier) that may be present in the modified release formulation of 
the invention will depend upon the nature of the modified release fonmilation, as well as 
the nature, and amounts of, the other constituents of that modified release fonnulation, and 
noay be an amount of up to 85%, for example between 0.1 to 75%, such as 0^ to 65%, 
preferably 0.3 to 55%, more preferably 0.5 to 45% and especiaUy 1 to 40%, such as 2 to 
35% w/w. In any event, the choice, and amount, of excipient(s) may be determined 
routinely (i.e. without recourse to inventive input) by the skilled person. 

Jn gelling matrix systems, the amount of polymer in the system should be enough to ensure 
that a sufficient dose of drag is provided over the dosing interval to produce the desired 
therapeutic effect. Thus, we prefer that at least 60% (such as 80%) of the initial drug 
content of the modified release fonnulation is released to a patient, and/or under the test 
conditions described hereinafter, over a period of 2 hours or longer, preferably a period of 
4 hours or longer, more preferably a period of 6 hours or longer and particularly over a 
period of between 8 and 24 hours. Suitable amounts of polymer that may be included, 
which wiU depend upon inter alia the active ingredient that is enq>loyed in the modified 
release formulation, any excipients that may be present and the nature of the polymer that 
is employed, are in the range 5 to 99.5%, for example 10 to 95%. particularly 15 to 80%, • 
preferably 20 to 75%, more preferably 30 to 70% and especially 35 to 65% w/w. In any 
event, the choice, and amount, of polymer may be determined routinely by the skilled 
person. 



When modified release formulations of the invention are provided in the form of gelling 
matrix systems, an active ingredient that may be mentioned include the free base forais of 
an active ingredient, as well as salts in which the solubility of that salt in aqueous media 
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(as defined above) is substantiaUy independent of the pH of that medium, particularly pHs 
in the physiological range typically found in the gastrointestinal tract 

Suitable amounts of active ingredient in the modified release formulations of the invention, 
whether in the form of gelling matrix systems or otherwise, depend upon many f actore, 
such as the nature of that ingredient (free base/salt etc), the dose that is required, and the 
nature, and amounts, of other constituents of the modified release formulation. However, 
they may be in the range 0.5 to 80%, for example 1 to 75%, such as 3 to 70%, preferably 5 
to 65%, more preferably 10 to 60% and especially 15 to 55% w/w. Li any event, the 
amount of active ingredient to be included may be determined routinely by the skiUed 
peison. 



Typical datty doses of an active ingredient, or phannaceutically-acceptable salts of any of 
these con^unds. are in the range 10 to 2000 mig, e.g. 25, such as 30, to 1200 mg of free 
base Ci.e., in the case of a salt, excluding any weight resulting from the presence of a 
counter ion), irrespective of the number of modified release formulations (e.g. tablets) that 
are a<hiiinistered during tiie course of that day. Preferred daily doses are in the range 50 to 
1000 mg, such as 100 to 500 mg. Typical doses in individual modified release 
formulations of the invention (e.g, tablets) are thus in the range 15 to 500 mg, for example 
40 to 400 mg. 



are 



Modified release formulations of the invention such as those described hereinbefore may • 
be made in accordance with well known techniques such as those described in tb& 
references mentioned hereinbefore. Modified release fommlations of the invention that 
in the form of gelling matrix systems may be prepared by standard techniques, and using 
standard equipment, known to the skiUed person, including wet or dry granulation, direct 
conq)ression/compaction. drying, milling, mixing, tabletting and coating, as weU as 
combinations of these processes, for «tample as described hMeinafter. 
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Although modified release fonnulations of the invention are preferably adapted to be 
administered orally, tiieir use is niot limited to that mode of administration. Parenteral 
modified release formulations of the invention, which may include systems that are well 
known to those sidlled in the art, such as those based upon poloxamers, biodegradable 
microspheres, liposomes, suspensions in oils and/or emulsions, may be prepared in 
accordance with standard techniques, for example as described by Leung et al m 
"Controlled Driig I>elivery: Ftandamentals and Applications" 0:>rags and the 
Pharmaceutical Sciences; vol. 29), 2nd edition, eds. Robinson and Lee, Dekker (1987) at 
. Chapter 10. page 433, the disclosure in which document is hereby incorporated by 
reference. 

The modified release fonnulations of the invention may be dosed once or more times at 
bedtime (e.g. up to six times, but preferably no more than twice), irrespective of the 
number of individual units (formulations) that are administered as part of one "dose". 

For the avoidance of doubt, by "treatment** we include the therapeutic treatment, as well as 
the prophylaxis, of a condition. 

Modified release formulations of the invention have the advantage that they may provide a 
modified release of active ingrediait or a pharmaceutically-acceptable salt of any of these 
compounds, in order to obtain a more even and/or prolonged elSect Cntain modified 
rdease formulations of the inVMitiwi may achieve this release in an essentially pH- 
independrat manner. 

Modified release formulations of the mvention may also have the advantage that they may 
be prepared usmg established pharmaceutical processing methods and employ materials 
that are approved for use in foods or pharmaceuticals or of like regulatory stams. 

For the avoidance of doubt, by "treatmenr we include the therapeutic treatment, as well as 
the prophylaxis, of a condition. 
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One aspect of the present invention is to administer a phannaceutically active amount of 
the active ingredient at bedtime. 

Advantages with the present invention includes, but are not linoited to, limiting the use of 
hypnotics to treat sleep disturbance, limiting the amount of fluid excreted by the stomach, 
reducing the intervariability between patients, more effective acid secretion inhibition than 
therapeutic amounts of other drugs with this effect (proton punop inhibitors). 

Typical daily doses of the active ingredient, or pharmaceutically-acceptable salts thereof, 
are in the range 5 to 1000 mg, irrespective of the number of individual doses that are 
administered during the course of that day. Preferred daily doses are in the range 10 to 100 
mg and more preferred daily doses are in the range of 20 to 80 mg, e.g. SO mg. 

Examples 

The following example is intended just as an Example and should not be seen as limiting 
ttie present invention. 

Example 1. 

Subjects meeting the entry criteria will undergo a history and physical exanL All subjects 
will undergo a standard dmg screening test. Subjects will complete the Pittsburgh Sleep . 
Quality Index, Functional Outcomes of Sleep Questiormaire, the Beck Depression 
Inventory, and the SF*36 for assessment of quali^ of life. All subjects will complete a 
daily sleep log for two weeks. At the end of this '"run in*' interval, an assessment will be 
made of the nights of disturbed or mornings with unreficeshed sleep. Subsequent to 
qualification, all subjects will undergo a full polysomnography (PSG) to include 
esophagi pH monitoring. All subjects will complete a questionnaire prior to bedtimie and 
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upon awakening in the morning. They are designed to assess acitivites of ihe current day 
and mental state prior to the sleep study, as well as morning mental state and subjective 
reports of awakenings and heartburn symptoms experienced during the sleep study. 



The subject are then randomized into two groups, one that wiU get the active compound 
and one that will get placebo. 



PSG Stadv : 



The PSG smdy will consist of monitoring the EEG. EOG. EMG. and EKG. Respiration 
WiU be assessed via nasal oral sensor. The foUowing parameters will be determined using 
standard int^ationally accepted criteria; 

• Total sleep time (TST) 

• Sleep onset latency (SOL) 

• Sleep efficiency (time asleep/thne in bed) 

• Waking after sleep onset (WASO) 

• Arousal reponses (arousal responses will be defined by current AASM practice 
guidelines criteria). 

• Percent time REM sleep 

• Percent stage 3 and 4 



Esophageal dH StHiiy? 
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A Standard pH probe with dual sensors will be placed 5 cm above the manometiically 
detennined proximal border of the lower esophageal sphincter (LES), The second pH 
sensor will be 5 cm proxmial to the distal sensor. This will be accomplished at 
approximately 4:00 in the afternoon prior to each PSG study. The following pH 
parameters will be assessed: 

• Number of reflux events at the distal and proximal pH sensor 

• Arousal responses associated with reflux events (arousal responses will be defined 
as occurring within 5 minutes subsequent to the fall in pH below 4.0) 

• Average clearance time/eveot 

• Percratage add contact time 

• Events exceeding 5 minutes duration 

DATA ANALYSIS 

Data analysis will consist of comparing the two randomized groups, one on drug and one 
of placebo. The outcome will be compared in regard to the test discussed above, i.a. 
Pittsburgh Sleep Quality Index, Functional Outcomes of Sleep Questioimaire, the Beck 
Depression Inventory, the SF-36 for assessment of quality of life, Phagosonogram (PSG), 
Quality of Life in Reflux and Dyspepsia (QOLRAD) and esophageal pH. 



